Introduction
The electronic conduction properties of metal-moleculemetal junctions are determined by the electronic properties of the metal and molecular constituents, the bonding between them, the junction structure and configuration, external electrostatic (gate) fields and environmental parameters such as temperature. The relationship of function and structure offers routes for controlling the junction operation but also results in uncertainties about performance and stability. Characterization of such relationships is therefore central to the study of molecular conduction junctions. hand, the conduction measured in some single molecule junctions was found to be several orders of magnitudes larger than the conduction-per-molecule mentioned in the corresponding monolayers. 6 In a more recent study, Selzer et al 7 have noticed that the small bias conduction per molecule of a molecular layer is similar to that of the corresponding single molecule; however, the differential conductance of the latter increases considerably more rapidly with bias and can become a thousand times larger than the per-molecule layer conductance (see Fig. 2 , left panel). Theoretical studies of this issue also lead to varied results.
Early studies by Magoga and Joachim 9 concluded that linear scaling of the conduction g(N) with the number N of identical molecules connecting the leads exists in the form
where the effective single molecule conduction ( ) properties by affecting the molecular configuration and its response to the imposed bias potential and to temperature change.
Electrostatic effects are particularly noteworthy, having at least two important effects. First, the way an imposed bias is distributed across the junction depends on the lateral dimension of the bridging layer in a way that reflects the layer screening properties. 13, 14 In turn, the way by which the bias potential falls along the junction has important implications on the junction transport properties, see, e.g. Refs. 15 
Electrostatics: the bias potential distribution along the junction
Understanding the potential bias distribution along a molecular junction is necessary for understanding and predicting its theoretical analysis of this behavior was provided in Ref. 24 . While these experiments cannot be related directly to the calculations discussed above (the nanotube length is a few microns and impurity and defect scattering may be effective as is most certainly the case in the MWNT measurement), the flat potential seen in the metallic SWNT measurement is in fact a remarkable observation implying a very long mean free path (>1µm) for electrons in these room temperature structures.
As indicated by the above discussion, the computational methodology for evaluating the potential distribution on a specified biased molecular wire is available. Here we focus on a generic issue pertaining to our theme: the dependence of this distribution on the wire lateral cross-section. 
where (with Φ 1 and Φ 2 the potentials at the two boundaries)
and
Using for the confinement function the model form
(note that this function is not normalized and describes a charge density at the cylinder axis independent of the width σ, as desired when the cylinder models a molecular assembly of a given diameter) leads to the results shown in Figure 4 Surface dipole per molecule as a function of gas-phase molecular dipole for a self assembled monolayer (SAM) of benzene derivatives with various functional groups, 18 for both 1 ML and 0.5 ML coverage. For each coverage, dipoles were computed for a SAM/substrate configuration, for a SAM with the substrate removed, but with molecules in their relaxed surface-adsorbed geometry, and for a SAM with the substrate removed and the molecules in their relaxed gas-phase geometry. For ease of comparison all curves were shifted such that the dipole moment of the benzene SAM is the same. 19 Using linear regression, slopes of 1.15, 1.48, and 1.55 are found for the "small" (1 atom), "medium"(14 Si atoms), and "large" (38 Si atoms) clusters, respectively.
Spectral and conduction properties of molecules and molecular layers
When a junction comprises several molecules connecting in parallel between the two leads, intermolecular effects arise from direct as well as from substrate mediated interactions. Here we examine the consequences of such interactions on the spectral and conduction properties of the molecular junction, using a simple tight binding model for the leads as well as for the molecular conductor. The following discussion focuses on metal-molecule-metal junctions. An equivalent analysis of junctions involving semiconductor electrodes was recently published. 27 Our aim is to compare the spectral properties (molecule projected density of states (DOS)) of, and the conduction associated with, a molecular monolayer (ML, Fig. 7) ), a finite molecular island (IL) and a single molecule (SM) chemisorbed on a metal surface. The metal is described by a tight binding model defined on a simple-cubic cell structure characterized by a lattice constant, a, which is semiinfinite in the Z direction perpendicular to the metal surface.
Periodic boundary conditions are used in the X and Y directions (see Fig. 7 ). Both metal and molecular system are described by 
∑∑
. (7) The sum over the lateral indices n x , n y is over the occupied sites of the molecular adsorbate, Z=0, plane. More than one coupling parameter ( ) mt V may be needed to describe more complex layer structures. In what follows we also use the notation ( ) 
The spectral and transport properties we seek can be obtained from the surface Green function (GF), ( ) 
Eqs. (10) and (11) 
Similarly, for a simple , where
xy xy
In the following we also require the position space (XY) representation of these functions. In particular the local site GF
is related to the local density of states (DOS) per molecule 
where the island SE is given by b By "simple" we mean that each adsorbed molecule is coupled to only one metal surface
and may be easily evaluated for any finite island once the metal surface GF (Eq. (10) has been calculated. Again, when the molecular island connects between two metals the self-energy in (19) is the sum
,
With these results we can compare spectral properties of infinite and finite molecular layers, down to a single molecule. 
atom, and vice verse.
Next, consider conduction properties of these molecular systems when placed between two metal electrodes. According to the Landauer formula, 29 conduction in the linear response limit is given by ( ) ( )
is given in terms of the GF and the SE of the subsystem comprising the molecular bridge
Tr bridge stands for a trace over the states of the bridging system. For a finite molecular island this trace is easily evaluated in the representation of local island states j, using Eqs. (19) and (20) . In particular, for a single molecule junction this yields
For the simple molecular layer the transmission per molecule 
Once the transmission function (24) or (25) has been obtained, we can also compute the current through the junction using the Landauer formula,
Where M stands for s single molecule (SM), a molecular island ( )
where µ is the unbiased Fermi energy, The most significant effect of intermolecular interactions on the transmission coefficient is the considerable broadening of the transmission resonance associated with the molecular level.
With our choice of parameter the direct intermolecular interaction plays a dominant role in this broadening, even though through metal interaction has a non-negligible effect, as suggested in Ref. 8 . Fig. 9 shows the consequence of this broadening on the current-voltage characteristics of the junction, computed using (26) with the molecular-shift parameter S=0. 5 . When the molecular siteenergy is well within the Fermi window, the SM current is higher than the current per molecule through a ML, because part of the broadened layer spectral density is outside that window. In the opposite case the molecular resonance may lie outside the Fermi window while the layer band may be broad enough to 'spill' into the window. The layer conductance will be higher in this case. While this is an obvious possibility, it is usually disregarded in theoretical analysis of experimental "single molecule" junctions. 
Summary and conclusions
The conduction properties of molecular junctions depend on structural and interaction parameters. In this review we have 
